In the 1960s Platt and Pickering debated the imporvariance). 8 The possible components of the total variation are summarised in Table 1 . tance of genes in determining hypertension, based on the shape of the population distribution of blood Heritability is estimated by comparing the similarity (covariance) in BP between different types of pressure (BP). Since then studies of the aggregation of BP in families have confirmed a heritable comporelatives, thereby estimating the size of each component of the variance including the proportion that is nent of essential hypertension and suggest that it is due to several genes. 1 While there has been congenotypic. Two types of comparison are made. One involves groups of relatives who have the same siderable progress in identifying genes involved in rare Mendelian forms of hypertension such as degree of genetic similarity, but who differ in the degree to which they share environment. The depenLiddle's syndrome, 2 the identification of the genes underlying essential hypertension has posed a less dence of the covariance in BP on the degree of shared environment, is examined. For example the tractable problem. New study methods, such as the affected sibling pair design, promise success in the covariance in BP among siblings who have been reared apart can be compared with the covariance mapping of genes underlying complex traits including hypertension. [3] [4] [5] [6] The prospect of the identifiamong those reared together to get an estimate of the importance of shared home environment. In the cation of BP genes and the elucidation of gene environment interactions has led some investigators other type of comparison the dependence of the covariance between different types of relatives who to suggest that in future it may be possible to tailor prevention through control of environmental fachave the same degree of environmental similarity on the degree of genetic similarity, is examined. Thus tors, to individuals with specific susceptibility genotypes. 7 The proponents of this view consider that monozygotic (MZ) and dizygotic (DZ) twins are compared on the assumption that they have the the heritability of BP and the fact that not all those exposed to an environmental risk factor develop same degree of shared environment and that differences in covariance are due to the lesser genetic hypertension, suggest that such a targeted approach to prevention is warranted. similarity in DZ twins. Indeed the genotypic variance can be estimated simply as twice the difference In this climate of genetic enthusiasm it is important to re-examine the relative importance of in the covariance between MZ and DZ twins. Several important and often unappreciated points genetic and environmental determinants of BP, the importance of gene-environment interaction and follow from this description of the derivation of heritability. First the magnitude of heritability is the implications for a population-based rather than individually targeted approach to the prevention specific to the population in which it is measured, as it partly depends on the extent to which exposure of hypertension.
First it is useful to clarify what is meant by heritato environmental factors varies in the population.
Where there is little variation in exposure to bility as this is the measure most often used to convey the degree of genetic determination of BP. Heritability is the proportion of the total variation of BP environmental factors, heritability estimates will be populations. Environmental factors such as obesity, alcohol consumption and sodium intake account for high. For example the heritability of height in well nourished western populations has been estimated about a further 20% of variation. 13 Therefore 40-60% of the variation in BP in the population is to be 80% compared with 60% in some parts of Africa where there is widely varying nutrition. Conunexplained. The relative contribution of as yet unidentified risk factors vs interaction between versely, where there is little genotypic variation, eg, in inbred populations, heritability will be low even genes and known environmental risk factors to the remaining BP variation is unknown. Studies quanwhere the same genetic determinants are present. 9 Therefore heritability estimates explain the relative tifying the different components of the variance in BP suggest that shared familial environmental risk contribution of genetic and non-genetic factors to variation in BP and are a useful way of conceptualisfactors account for between 10-30% of variance and non-shared environment and measurement error ing what factors cause individuals in the population to differ from one another. However, the magnitude about 50%. 23, 24 Thus both genes and environment have important of the heritability is not useful in predicting whether changes in environment would be effective in reduceffects on BP but their relative importance depends on the question being asked. For example, there is ing the disease burden in the population. For example, if the only factors determining BP were considerable evidence that genetic differences underlie the higher BP found in people of West genes and salt intake and if all the population was equally exposed to a high salt intake the heritability African descent living in Europe and North America compared with whites. A genetic basis is suggested would be 100%, although the entire population's BP could be reduced by reducing salt intake.
as known environmental risk factors fail to explain the difference in average pressures and the magniSecond, the heritability also depends on the age of the population studied. The heritability of BP in tude of the difference is the same among recent migrants as among those of several generations post childhood is higher than in adulthood although genotype obviously does not change with age. This migration. 25 On the other hand, the prevalence of hypertension is very low within rural African popupoint is important since the use of estimates derived from young subjects will lead to an overestimate of lations and increases rapidly with migration to urban areas. This implies that environmental factors the relative importance of genetic factors in the age group where hypertension is most prevalent. There such as weight gain and sodium intake which are associated with urbanisation remain important for are several possible explanations for the higher heritability in children. For example, it is possible that the development of hypertension among this population. 26 Therefore, even though genes may underlie some genes are only expressed in childhood, but the most obvious explanation is simply that there is the ethnic difference observed in BP within the UK, the most effective way to reduce the difference may much less variation in environmental factors such as body mass or alcohol consumption at younger ages.
still be through a population-wide reduction of relevant risk factors. Third, studies comparing MZ and DZ twins assume that they have the same degree of similarity Returning to the question of targeting prevention, as specific risk genotypes have not yet been identin intrauterine environment. However, MZ twins can share a chorion and amniotic sac but DZ do not.
ified or confirmed, we do not know at present whether genetic factors act independently or by This can result in an overestimation of heritability in disorders where intrauterine environment is interaction with environmental factors. However, some of the factors influencing whether targeted preaetiologically important. 10 Of course 'identical' twins can also have a greater sharing of extrauterine vention would replace a population approach to prevention can be assessed with currently availenvironment, eg, they can be treated in a more uniform way by others than are non-identical twins. able information. First, a targeted approach would be possible only This could also give rise to a higher heritability estimate. Finally, measurement error as well as within if reliable inexpensive tests for identification of those with high risk genotypes will be available. person variability increase the variation in the trait and consequently reduce heritability estimates.
This does seem to be the case. Second, the efficacy of a targeted approach Most studies of BP in westernised populations of largely white ethnicity using non-twins, estimate the depends on whether environmental factors only increase BP in individuals with a certain genotype heritability of systolic BP (SBP) to be between 20% and 40% with the larger estimates usually being in and whether the frequency of the susceptibility genotype is sufficiently low as to make a policy of children and young adults.
11-15 Interestingly, the estimates derived from twin studies are considerindividual testing superior to population-wide prevention in terms of cost effectiveness. We take ably higher ranging from 40-85% but with most twin studies giving estimates of about 50%. [16] [17] [18] [19] This sodium as an example to illustrate this point. Our intention here is not to review the evidence for and is consistent with studies showing important intrauterine effects on BP.
20,21 Heritability estimates for against sodium intake as a risk factor for hypertension. Salt sensitivity is frequently suggested to be BP in populations residing in Africa have not been reported. The few studies which have reported herigenetically driven and therefore may be an example of a gene environment interaction with potential for tability in African-American families give estimates similar or lower than in white subjects. 22 targeting. 27 However, the INTERSALT data showed a continuous rather than threshold association The above heritability estimates suggest that 20-40% of BP variation is genetic in western adult between sodium excretion and BP both within and prevention paradox. 30 The converse situation of
